Documentation centre of severe skin reactions (dZh),
Introduction
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are severe cutaneous adverse reactions to drugs, which represent two forms of the same disease, TEN being the most severe form. Patients develop an acute exanthema, which progresses towards a widespread (TEN) or more limited (SJS) blistering and erosion of the skin and mucous membranes, resulting from apoptosis of keratinocytes. The incidence of SJS/TEN is estimated to be approximately two cases per million inhabitants per year. Up to now, no ethnic-related difference in overall incidence of SJS/TEN has been suspected. Although rare, these reactions have high morbidity and mortality, often resulting in a severe and definitive handicap. A limited number of drugs are associated with a high risk for SJS and TEN: several antiepileptic agents, especially carbamazepine, phenytoin, phenobarbital and lamotrigine, antibacterial sulfonamides, anti-inflammatory drugs of the oxicam family, allopurinol and the antiretroviral agent nevirapine. 1, 2 Although the pathophysiology of SJS and TEN remains largely unknown, previous work suggests an immune mechanism involving a drug-dependent cytotoxic cell response against epidermal cells. Cytokines like TNFa and Fas ligand (FasL) may play a role in the final apoptosis of the keratinocytes, but the initial events triggering the adverse reaction remain to be identified. 3 An immune reaction directed against drug-reactive metabolites produced in excess or not detoxified has been suggested. This defect could be genetically determined, as suggested by several examples of individual pharmacogenetic variability associated with specific adverse drug reactions. [4] [5] [6] More recently, several lines of evidence have accumulated to show that the final steps of the adverse drug reaction depend on an immunological process, that seems directed against the parent form of the drug more often than against a metabolite. 7 Azukizawa et al. 8 generated transgenic mice in which ovalbumin was specifically expressed in keratinocytes. Transfer of ovalbumin-specific CD8 þ T cells into these transgenic mice resulted in rapid proliferation of these cells in lymph nodes and migration to the skin leading to a degeneration of the epidermis and hair follicles, which was reminiscent of TEN.
In a 2004 issue of Nature, 9 a Taiwanese study reported a very strong association between carbamazepine-induced SJS in Han Chinese patients and the HLA-B*1502 allele. Chung et al. studied 44 Han Chinese patients with carbamazepineinduced SJS and two groups of controls, 101 tolerant patients, who had taken carbamazepine for at least 3 months and 93 healthy controls without carbamazepine use. All 44 SJS or TEN patients had a HLA-B*1502 allele in contrast with 3% of the carbamazepine tolerant and 8.6% of the unexposed controls, respectively. Previous work on HLA and SJS/TEN in France (not focussing specifically on carbamazepine) found a much weaker association with B44 (split of B12), and different haplotypes associated with intolerance to sulfonamides (A29-B12-DR7, an ancestral haplotype in a population of European origin), or to oxicamnonsteroidal antiinflammatory drug (NSAIDs) (A2-B12). 10 Together these results show the importance of this region for SJS/TEN.
In Europe, the percentage of cases of SJS and TEN induced by carbamazepine is about 5-6%, 1 compared to 25-33% in Taiwan. 9 We are currently conducting a European study on SJS and TEN (RegiSCAR). At the time of this study, 12 cases were identified as SJS or TEN patients for which carbamazepine was considered to be the culprit drug. Table 1 shows the clinical characteristics of the patients with carbamazepine-induced SJS/TEN identified in our study.
Results and discussion
We determined the HLA-B genotypes of the 12 carbamazepine-induced cases by polymerase chain reaction using sequence specific primers (PCR-SSP, Genovision kit) (see results in Table 2 ). We found that only four patients had the B*1502 allele (all being heterozygous). Although relatively frequent in the Han Chinese population (8%), 11 B*1502 is very rare in Europe. The allele frequency of B*1502 was only 1-2% in prior studies of European populations. 11 The frequency of 16.7% (4/24) observed in our cases suggests an over-representation of this allele in our cases, and a risk associated with its presence. Interestingly, the four individuals with B*1502 were the only four cases with a patent Asian origin among the 12 patients studied. They originated from China, Vietnam, Cambodia and the Reunion Island, respectively. 
Bold characters indicate genotypes or supertypes more often expressed than expected.
A marker for Stevens-Johnson syndrome
The main biological function of HLA molecules is to bind short peptides derived from the processing of intracellular and extracellular proteins, and to present them on the cell surface to specific T cells. 12 The peptide specificity of a given HLA molecule resides in its binding groove, lined with different pockets that engage specific side chains of the peptide ligands. 13 HLA genes are extremely polymorphic and they encode proteins which play a crucial role in immunity. However, not all genetically different molecules are functionally different, and it is possible to group them into supertypes on the basis of their functional binding properties.
14 The HLA-B*1502 allele is part of the HLA-B62 supertype, 14 which was not found in our study among any of the eight carbamazepine-induced cases in patients who do not present the B*1502 allele. These eight patients had different HLA supertypes among which B44 was present in 5/8 patients, which represents a higher phenotypic frequency than that observed in people of European origin 14 (62.5% in our cases, compared to 43% in reference 14 ). However, the role of supertypes may not be relevant for immune response to drugs, which are usually very small nonpeptide molecules. In some cases there may be haptenization of self-peptides by a reactive metabolite, but it has been demonstrated that medications are often presented through noncovalent binding with MHC Class I molecules. 15 In this context, one may hypothesize that rare and severe reactions to drugs, such as SJS or TEN are dependent on infrequent HLA alleles, each being capable of binding to a 'specific' drug.
Our data are preliminary, but anyhow very intriguing. Although obtained on a limited number of patients, our results clearly exclude the hypothesis that the 100% association observed in Taiwan with B*1502 is universal. As the odds ratio for this allele is extremely high in the Taiwanese study (odds ratio ¼ 895 for CBZ-SJS/normal with a 95% CI ¼ 50-15,869), our study with 12 cases was of sufficient size to detect such a strong effect. Since our study included only four patients originating from different Asian countries, it was not able to support or not the conclusion of the Taiwanese study in Han Chinese patients. Furthermore we cannot exclude that a few other French or German patients had some 'Asian' ancestry. However, our data also exclude the hypothesis of another single HLA B allele with a close to 100% association in a western European population. This result has both practical and theoretical implications. Practically, B*1502 cannot be considered as a useful prediction marker of CBZ related SJS in the European population.
Theoretically a number of different hypothesis can be considered to explain the results observed. The first being that HLA-B is involved by its capacity to present the drug to T cells and to initiate the immune response to carbamazepine. In this hypothesis, our results show that B*1502 is not the only relevant allele. Different alleles at the same locus could be responsible for increased disease risk in different populations and our results are too preliminary to exclude this hypothesis. However, they do not suggest the existence of an alternative single HLA-B allele with a very strong association in Europe.
The second hypothesis is linkage disequilibrium (LD), which varies in different populations, the same high-risk allele may have a different pattern of association with marker alleles and haplotypes. The association reported in the literature in the Han Chinese sample with B*1502, might be explained by a causal variant which is in strong LD with B*1502 in the Han Chinese population, but not in a European population. Therefore, other genes closely located to HLA-B could be the cause of the observed association, due to strong linkage disequilibrium in the HLA region. SJS is a rare condition with a probable complex inheritance, the list of candidate genes could include genes encoding metabolic enzymes, transport proteins, involved in the immune response, the regulation of apoptosisy. It is possible that a combination of genes is necessary to create this rare phenotype and methods allowing the study of gene-gene interactions (epistasis) on a much larger sample will be needed.
Another important implication of the present preliminary study is that ethnicity matters more than was originally suspected in the pharmacogenomics of severe cutaneous adverse reactions to drugs. This is a key point for advancing further the research in this field: it will be essential to collect more information on ethnicity of the patients and/or to study well-defined ethnic groups.
Recently, the same Taiwanese group reported a strong association between HLA-B*5801 and severe cutaneous reactions to allopurinol in Han Chinese patients. 16 This new finding sustains a possible drug-specific gene effect in these severe cutaneous adverse drug reactions. It will be interesting to see if this new association will be replicated in our European population.
Materials and methods
For each patient, written informed consent approved by the ethical committee of each participating country was obtained. A standardized clinical assessment was used and each case was confirmed after review by the international expert committee of the study. Only patients with a final score corresponding to a definite or probable diagnosis were included in the study (possible cases being excluded). SJS is defined when skin detachment is o10% of body-surface area, TEN by a skin detachment 430%, intermediate detachment correspond to SJS/TEN overlap. The same case definitions were used by the Taiwanese group. 8 In about 50% of SJS/TEN cases, it is possible to identify clearly which drug is responsible for the adverse event. To identify those individuals for which carbamazepine induced the adverse event, a decisional algorithm was used and the cases were reviewed by an expert in order to take into account parallel comedication, causality and multiple episodes.
Information related to ethnicity was limited to skin phenotype, place of birth of the patient and his/her parents.
Peripheral blood was taken from all study participants for DNA extraction. We determined the HLA-B genotypes by polymerase chain reaction using sequence specific primers (PCR-SSP, Genovision kit).
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